INITIAL SLOPE OF THE HYSTERESIS CURVE
G. J. Gerritsma Abstract. -An analytical expression for the initial slope T of the hysteresis curve is derived for a stripe domain structure in a thin magnetic film, giving that T-' is proportional to t-'I2 (t = film thickness). This is confirmed by measurements on RF sputtered CoCr films with 20 nm 5 t 5 950 nm.
Theory and comparison with experimental a f~ results
Using the equilibrium condition -= 0 we find ap
2tX
One of the numerical quantities used to describe the 
The energy of a stripe domain structure in a thin magnetic film was calculated by Kooy and Enz [2] . The total free energy per unit area FT of the film is the sum of the energy of the magnetization in the external field, the wall energy and the demagnetization energy and is given by:
(1) period, u, the domain wall energy density, M the magnetization and M, its saturation value. In order to calculate the initial slope an approximation of the Kooy and Enz model for low magnetization is calculated, i.e.
E << 1. Futhermore it is assumed that t / P > 0. and surface (T,) hysteresis curves of RF sputtered CoCr single layers measured using respectively, a VSM and a Kerr tracer. The films described here those of [3] which were prepared with an argon pressure P.4,=0.4~ rnbar, radio frequency voltage VRF=-1.6 kv.
These films can be classified as having a high coer- [7] ). At a certain depth inside the thin film each domain begins to split. The width of the new domains increases with decreasing distance t o the surface until it becomes equal to P/3. Then a new splitting occurs. This process continues until the dimensions of the new domains become comparable to the thickness of the domain wall. Therefore spikes would occur especially in thicker films and maybe therefore also the surface and volume coercivity would differ [3] . To allow for spikes which diminish the domain period at the surface a factor r is introduced so that where P, is the new period formed after the nth splitting. Equation (2) can be roughly modified to include this effect by multiplying the term within square brakets by r. Using the same procedure as above we obtain the following:
If r = 1 equations (8) and (9) coincide with (5) and (6) respectively. Applying equation (6) Whether this is indeed the case remains to be seen however, because our results may also be infiuenced by the hysteresis of the material, especially in high coercivity films, and the fact that the material properties are not constant as a function of film thickness. From ferromagnetic resonance measurements in combination with etching of magnetron sputtered CoCr films we find an initial layer which has a thickness of about 5 5 f 25 nm. Moreover the p* effect has not been included in these calculations.
Conclusions
An analytical approximation (for low values of the magnetization) for the energy of a stripe domain structure which was originally calculated by Kooy and Enz is presented. From this we find that the inverse of the initial slope T-' is proportional to t-'I2 the inverse square root of the film thickness. When this approximation is applied to CoCr the graph splits up into two parts at t ci 80 nm. This happens also to be the point where the maximum of the coercivity is measured. The fact that the coercivity increases with t for t 5 t, and decreases for t 2 t, could be due to the presence of spikes in the thicker films. From the slope of the hysteresis curve we find that the number of splittings in the sense of Privorotski's model is equal to two.
